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Mmmw before in the history, the human race 
ha® faee«3 a situation as it doe® today# It now stand® 
at a point titer© millions in the developing countries 
suffer fro® perpetual hunger# Many die every day 
directly or indirectly froia malnutrition. children 
are the worst victimsi and kwashierteor and marasm mm 
are the pitiable symbols of this immense human misery# 

m India# accordiac to the latest l$el census 
preschool children upfco 3 years constitute about lit 
million population. About If million children am 
added to the pool every year# out of 23 million Children 
bent every year# 4 million die in childhood# 3 million 
become healthy and productive citieen but rest Id 
million become adults with poor mental and physical 
abilities due to sememe undemutritioo in their 

the tern protein calorie malnutrition comprises 
a variety e< very closely interrelated clinical 
synd ro m es # nhlcfti are 'the result of differences in the 
severity mid duration of the deficiencies #a»d the age 
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of the child and the relative importance of the 
protein deficiency In regard to that of calories. 

In our country, the incidence of sever© 
fowa of Protein Calori® .Malnutrition like 
kwashiorkor and maraiirau® la about l*d %* wh areas 
the wild and moderate fonts account for 6Q~@U 
of total preschool population* 

It is generally accepted that malnutrition 
is the result of protein and / or calorie deficiency . 
There i© no doubt that the diet® of those children 
in thorn malnutrition develop® are also frequently 
low in fat content* Further the well documented 
observation that the fatty infiltration of the 
liver and good layer of subcutaneous fat are charact- 
eristic signs of one of the severe for® of malnutrition 
i*«* kwashiorkor# indicate & defeat in fat metabolism# 

There have been an increasing volume of 
investigations into the metabolic dysfunction occurring 
in protein calorie malnutrition in votm® 

ehildbram and in crperincntal animals# to particular 
research into protein metabolism# carbohydrate 
metabolism# mssytae activities# body composition • 

( Inc lu di n g mater and electrolytes ) and lipid 
metabolism hare not only increased the ftmdamastal 

# IMA 4» |ISWKmCu IHfcIWi 
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in indicating improved raatijode o£ treatment. Mm* 
txm reoeardfrs® h&v© suggested possible approaches 
for measuring til© severity or degree of protein ail* 
nutrition quail ti festively and specially of diagnosing 
less sever© degrees of deficiency biochemically. 

&o®w worker® have reported differences In 
kwashiorkor and marasmus group in total lipid levels 
and lipid fractions* m mtreated )e#achiorkor the 
total lipid® and other traction* are low with increased 
Mrm fatty acid level® in ser vm, liier ©as in marasmus# 
the stew lipids regain within normal limits. 

Th® majority of lipid investigation* have been 
carried out in kwashiorkor group# while studies on 
lipid metabolism in marasmus and other malnutrition 
groups ate very few. m the present study# though 
a humble on® # the characteristic* of mxm. Total lipids 
and its fraction® ( Total ohoi ©sterol and free fatty 
acids > in the severe and recovery phases of undemutxi tion# 
marasmus# aarasmic kwashiorkor and kwashiorkor have 

IMP %*Wmm 

It was aimed to evaluate the lipid profile 

in infant* and children with varying degrees of 
malnutrition to assess the statu® of total lipid* and 



it® inactions { total cholesterol arid free fatty 
aoid® > in relation to severity of asalnatri tioo 
md to further evaluate the possible interrelation- 
ship between the clinical progress of the nalnouzi shed 
oiiild md subsequent changes in the lipid profile 
fcflT eerielly following the oases. 




WVW OF LITERATURE 


The resultant of interaction betm man and 
Ilia enviwrwsent la health or diseas®. certain ecological , 

m w 

biological and soelo-eeaiKsmieal conditions of the 
developing countries of the world favour the greater 
frequency and ©©verity of certain pathological conditions, 
foremost among them being the nutritional deficiencies* 
Infantile malnutrition due to protein and calorie deficie- 
ncy must have been common in most of the civilisations 
of the world for centuries, but attention ha# only been 
focussed upon it in the early years of this century* 
Historically marasmus { Greece - harasses a wasting > was 
recognised for ages as being a major contributor to M£i 
infant mortality. Proctor ( 1*26-87 ) and other workers 
described the physical appearances of the malnourished 
children but nutrition was not thought to be the cause 
Of such appearance, william® ( 1*31-32-33 1 made a great 

contribution to the subject Whan she gave a seme * Kwashior- 
kor * | derived from ©a language of Ghana, to a tropical 
syndrome and maintained that it was nutritional in origin 



and thal it «u different from pellagra* This mi 
tl te di» ease first child got when the second ms on tit* 
way* It was characterised fey sMn and hair changes, 
oedema", moon face, fatty liver, hypo^lfeuminaemia and 
peychomotor changes* Waterloo { 1948 I and Jeliiffe 
et al ( 1954 ) need the tew * sugar bafey * to 
describe , obviously similar condition to Kwashiorkor , 
found in Meet Indies, where dermatosis was uncommon 
though ©edema was prominent* 

m ' 

After the second world war ( 1919-45 > the 
workers were conversant with the fact that marasmus and 
kwashiorkor were two syndromes of nutritional deficiency* 
vraterlow ( 1948 ) in his monograph on* fatty liver 
diseases in infants 1 recognised that * Kwashiorkor was 
a nutritional disease probably due to a deficiency of 
protein end that, in babies dying of under nutrition 
things were very different, there was complete loss ©£ 
s ubc ut aneous fat a nd cnlv Mall »wwwt* » in the liver. * 
fie further added that * the two syndromes might net be 
staidly distinct but 'that one oqald be converted. *»»** 
the other by increasing cor decreasing the calorie intake** 

jelliffe I 1959 ) coined the term * Protein 
Calorie malnutrition I 9 cm > of early childhood * to 
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include til© mild, moderate arid severe degrees ©f 
raalnutri tlon , %tiich ms later or accepted toy p w/VMO 
Joint Expert Committee on Nutrition ( lets 1 to cower 
diseases such as marasmus, kwashiorkor and famine 
oedema. Thera ms a short lived effort through WHD 
to introduce the term • Protein Calorie Deficiency 
Diseases * , tout this ms abandoned toy the expert group 
meeting In 1CW in favour ©f PC M* Joule toeing the 
unit of energy measurement, there were lots of proposals 
to replace the term calorie by joule and this finally 
led to a general use of the term • protein Energy 
Malnutrition « { pem ) rather than Protein Calorie 
Malnutrition* 

To emphasis© the energy crisis all over the 
world and the nutritional deficiency being a part, of 
it, some workers hare used the term * Energy Protein 
Malnutrition* ( mp« * «. McLaren ( %9ft I* 

T© combat malnutrition grading of PEM was 
necessary for defining the priortiee and to formulate 
therapy in Individual patients* Gomes, et al ( legs } 
mm credited with the first -ever classification of 
malnutrition* They used the actual weight expressed 
«* a percentage of standard weight ( Boston, mm 
peramnttle I for that age* Children with more than 
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90 % of expected weight far ag© war® classified as 
normal, between 89 < and 75 * of expected weight 
were In mild grade , between 74 % and 40 % of 
expected weight were in moderate grad®' and children 
of less than to % of expected might mm classified 
as severely malnourished* In this classification # 
presence or absence of oedema mm not taken into 
consideration. The main drawbacks of this classifi- 
cation mm that it assumed all children of certain 
age to have the same weight irrespective of their sis®, 
and It also included such children who were underweight 
as a result of malnutrition in the past. 

•% 

jrelliffe ( 1944 ) modified the Comes classi- 
fication and included all cases with nutritional oedema, 
irrespective of weighfc in severe degree. 

Me Laren ( 1967 ) introduced a scoring 

■system for classifying the severe forms of malnutrition 
only ( weight of children £ 7S * of SDfh percentile of 
Boston standard >, based on all the three methods of 
assessment vis# clinical, anthropometric and Mo- 
otiemlenJU he showed that the severe degree of 
malnutrition in its vaxlous clinical form® of marasmus, 
maraeadc kwashiorkor and kwashiorkor formed a spectrum 
of both clinical sign© and biochemical changes, both 



being most marked in full bhwn kwashiorkor and least 
evident in pure marasmus. In this classification also# the 
problem of expressing chronicity and stage of disease# 
however remained unsolved. 

Arnold ( 1969 ) devised a * Quacstick method * 

based upon height and mid arm circumference. The 

advantages of this classification were j it was age 

independent# good for field surveys and could be applied 

by an unskilled personnel* Based on this classification# 

*• 

children were divided into two broad categories * Mai*, 
nourished * and * Normal* * 

Kanawa tl and m Laren ( 1970 )# proposed that 
the ratio of mid arm circumference and head circumference 
was independent of sex and age atleast from $ to 48 months. 

If the ratio was *’7 0 , 310 # children were grouped as 
nutrlcnally healthy* Children with ratio between 0*310 

and 0.280 were classified in mild PCM group# Children 
with rati© between 0*279 and 0.250 were put in moderate 
PCM group# .and children with ratio 4 *. 0.249 were classi- 
fied in severe PCM group* This class! flea tico was again 
useful for screening large number and could not be used 
for an individual child* 

Zh 1970# Kao et al suggested an age independent 


<AAMl£leatlcxt lay using weight in leg and height in cats. 


wed gfrt, in kg 

( Height in one. t 1 

Values lees than 0.0014 reflected early RM. 

Tim class! ficati co prepared by * Wellcoae Trust* 
mm approved by wm/mm expert corawitte® in tm« Xn 

this classification, children cere grouped in 5 g rades 
using their wsi#it as percent of soth percentile of 
Harvard standard value. 

»der weight ~ Children having bo^r weight between m% 
and 60 % of mb percentile of Harvard standard, without 
oedenia and with minimal deficit in weight for height. 

Kutriticnal dwarf • children having body weight 
less than to % of SOth percentile of Harvard standard, 
without oedema- and with m ini n al deficit in wet git for 
height. 

Kara ecus ~ Children catling less than 49 * of 
SOIdi pepeantile of Harvard standard, without md&m and 
With * ♦ * * deficit in weight fear bedsit. 

ICwintdorhor * Children md gfttn g between 00 % and 
m%m mm percentile Of Harvard Standard, with oodaan 
and with * ♦ + * deficit in weight for height* 
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mraetaic Jcmshiorkor - Children wai^iing loss than 
tm of the SOth percentile of Harvard standard, wit h 
oodama and with • 4- + * deficit In weight for hol^it. 

* weight for height __ . — .Jf ol xht-Pf gajjapt x 

Weight of normal subject of 
same hoi^it. 

this was probably th® first classification in 
dhisli and attempt was made to me weight/heigh t as well 
as wai^tt/ag® ratio®, and included a separate category 
of nutritional dwarfs*. However, some drawbacks of this 
classification were # it confused hetman the type and 
seventy of »alnutntion # in this system Jcwashiorter 
appeared to too loss covers than marasmus mad roaraemic 
Jcw&shioxlior as body wei#t was tootwosa 60 % and 80 tt # 
gradat im of deficit in wei#it for toolkit toy wiststr toms 

used as * minimal* or * 4 4 * could not to® quantitated, 

. wutntion ©td^omndhtso of line Indian headony 
Of Paediatrics ( 1972 1 classified PCM into 4 grades 
using StMsh percentile of Harvard growth standards as a 

erado X* Children having weight between go M and 

yt n of gsdsgoKKio stMttdatdL 

©rude XX, - Children wKL$dMg batmen 70 % and II % 
of ref co s tand a rd . 
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Grade III* Children weighing between to ft and 
U% of reference standard. 

Grade Xv. CSiildresi having weight less tb ^ T i 50 % 
of reference standard. 

©rad® X and XX were mass swaight and grade 
XXX and xv corresponded to raarasams. whan nutritional 

oodswa was present*, letter K ms euffiawd to the grade 
denoting mOsmtxittm e.g* grade x k, xx k , xxx K eta. 

X K and XX k «*ant keaehiorSkor and grade xxx k and xv K 
©Orresponded to warassi© Jcmehioade©**. 

waterlow and Kutishatecr f $974 1 # published 
a ©lasadfimtlon based on weight and height « the 
j^pssent malnutrition was called * mating * # a® weas meed 
by loos of walgit in relation to height* and pest mal- 
nutrition ms ©ailed * stunting * # seen as i©. w wei^tt 

for age ratios* Xh® children were grouped in ©bliowtisg 
grades « 

Healthy children - Weight for height more ttom §rs ft 
and height tor age mom than 95 ft* 

©rads 1* weight ©or height between 90 * and so * 
and height age between ts ft and SO ft, 

©mde 2. weight tor height between so ft and fo ft 
and height tor age be tween ftp ft and •$ ft* 



3. «*i#it for height 1*6* tbm to % and 
height for - eg© less than 85 %* 

Uaterlov ana Butlshausar found that mt&it 
Sot height me lndejxmdant of age In the age group of 
1 to 4 year®* 

LIPIDS 

* 

Til ® t ®* K **!&<* 1 ® used to describe col loot- 
lvoly oholaBterDl * e»s®»*ia«. f neutral fate >, jJiosjfjo- 
lip ids, glyooilpids, free fatty adds and fat soluble 
yitaaiiiss circulating in the blood* The lipids circulate 
in the blood in combination tdth certain proteins a® 
ma®wm®Hmm3.m 0 Jmam a® lipo proteins. ( tunics ,197® ) 

Cholesterol is a sterol containing bydroga-. 
nnted phar^throo© dug* to 80 percent of sera total 
ebnleeteroi is in estaar few and 20 to TO % Mom free 
cholesterol. f Sefcosnhaiaier and Sperry # 18341 )* ol©uk 
^tid Tsang f 1972 determined the eeocantra ti on of 
©hole® tonal in card blood samples and found naan level 

' ''Iffi; . Y '"Y ' Y Y"- 

to be «9*8 *. 18.7 eg /dl. Oven and ladsdn ( tftl 
^»*n<i out the naan ebolestefol M in the age group 
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% tQ % year® of a@©,as 199 ing/dl. for 1 to 2 years 
dd children and 1*5 mg'di for 2 to fe years of age. 

Glycerides In particular T*1 glycerides forms 
the main talk of dietary lipid, moat 1 to 2 gw /kg 
of body weight of glycerides are Ingested dally 

C Henry* 197? 1 . Thes© are the esters of long chain 
fatty add® and glycerol* During metabolism they are 
broken Into dt«*nd monoglyoeridas and fatty adds. 
After absorption, the fatty adds are again converted 
into try glycerides ml&a are deposited in the liver 
and adipose tissue ( Rm Montgomery. 1977 ). 

free fatly add® forma about 5 % of total 
semm fatty adds* This Is the form In thiols fat 
enters the blood from the storage depots in adipose 
tissue to serve as fed for the tissues ( teas Man** 

gewery, 1977 % The concentration of free fatty adds 
In the plasma is very sensitive to nutritional state.* 

After a meal or a test do mm of glucose or an injection 
0< insulin, the level is reduced to hall or less 
{ Hadden . 1907 1 and during starvation free fatty 
adds level rises f hade et al # 19*4 . If#* ' # 
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Mi, 0 m at al, 1983 and Bmxsm et al, 1983, determined 
th® FFA level© in cori blood samples and found th© 
mean level to be batman 0.30 and 0.45 ®Bq/l. The 
normal level of free fatty acids in serum is 450 to 

§*» /*«q /I ( MLUlan Hovak , 1965 >• 

Lipo protsdn© is the form in which most of 
the lipids are present in plasma. Measly all the 
cholesterol, phospholipid and endogenous triglycerides 
in blood are present as aggregates with various protein 
rad ties ( Hawks, 1976 )* Following as® the major 

llpo proteins group© - 
chylomicrons • 

very Low Dmslty Lipo protein® ( vlol ) 

Low Density Lipo proteins ( LDL ) 
high Density Lipo protein® I hDL 1 

Hawks, (1970) described phosphdipidi as a 
group of compounds, which are composed of glycerol, 
fatty adds and phosphoric acid. These are found In 
blood mils, plasma and all tissue calls, usually in 
combination with protein© and other lipids# 
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mmmm& m mm* Msm. 

van Bar Sar ( 1951 ) studied 1© hosidtaliased 
kwashiorkor children and estimated serum total lipids 
in them before and after putting than on dietary 
therapy. He found variable values of serum total 
lipids m the day of adsieslon. Xn 6 children the 
values mm between 360 and 635 «^/dl # in 5 children 
the values were between 66? and 855 m^dl and in 
i oases, the values were between 930 and 1490 mg/dl* 

*The repeat estimations at the tine of discharge from 
hospital also showed variable results* 4 children 
showed a rise and 6 children showed a fall in serum 
total lipid levels, 

Schwarts and mm ( 195? I investigated 
30 hospitalised kwesMorkor children between is and 
30 months to investigate serum total lipid levels 
on the day of a<3teission and then after putting them 
on nutrition therapy, every week, They found a 
adgniitoant rise in the levels, spacing upto 969 mg/dl 
after 1© days of dietary therapy, as compared to the 
admission level 532 mg/dl. After 6 weeks time the 
level Ml to 644 mg^dl, which was still higher than 
the- initial level, They divided children into 3 groups. 



ill one group fat was supplemented in diet, and in 
other no fat aupplawantation was don®* They found 
no significant change in the levels* Schwarts and 
Dean proposed that probably the endogenous fat 
mobilisation led to high levels after the diet therapy* 

craviot®, et al < 1959 noted similar 
changes in the levels of sens total lipids .In 
kwashiorkor oases* They correlated the change# 
oocurlng in malnourished children with those of normal 
children and found a great similarity* They suggested 
that change in kwashiorkor cases was a biochemical 
expression of the normal process of growth and develop- 
ment* which, arrested during the course of malnutrition, 
reassumed a rat® and pattern comparable to those of 

mto Dctiald et al ( 1963 i , studied 
kwashiorkor children between the ages of 13 months 
and 3 years for the levels of total lipids and its 
fraction® at the time mi admission, on 10th day and 
m mm day o« diet therapy* They found a significant 
rise in serum total lipid levels after 10 days of 
treatment followed by a fall in mm 10 days period 

and this rise in the total lipids level was due to 
an immmm in cholesterol , glyeeri das and phospholipids. 



They suggested 2 important feature® to distinguish 
kwashiorkor from marasmus 7 one was vary fatty liver # 
and th@ other ms normal or slightly depleted 

quantities of depot fat* They proposed that the lipid 
in those sites most probably arose from the dietary 
carbohydrate and the change© in lipid levels during 
treatment reflected a reversal of changes leading to 
their formation* 

©arson et al ( 1973 ># studied serum total 

lipids and its fractions in marasmus cases with a mean 
age of lf»* 5 months and mean weight of 4*8© kg* They 
estimated serum total lipids on the day of admission 

and on 3©th day after dietary treatment* They noted 
no significant change in lipid levels as © day level# 
mm 44 7 e 0f »«/dl and 30 day® levels were 445 ♦ 74 

mg/ dl| as compared to control levels of 407 ♦ 74 m^/dl* 

■ ■ me ■ 

ttwronarroti w sbwjm totm, amrsrmioi 

The workers from nutrition Research labora- 
tory# Coonoor* India i If It \ studied hepatic cholest- 
ami content in kwashiorkor cases# and found a moderate 
increase in cholesterol content in liver at the time 
*f admission# which regressed after diet therapy. 




vm D@r Ear < 1*51 ) noted significantly low 
levels of serum total cholesterol on admission In 
kwashiorkor, ^nicli increased after two to throe weeks 
of diet therapy. The found that rise in serum total 

cholesterol level was principally due to increased 
ester! fled fraction, 

Dean and Schwarts C If S3 } studied total and 
esterifled cholesterol level in kwashiorkor cases and 
found a decreased cholesterol level® on admission with 
a tendency to rise and fall after dietary therapy. They 
could .not attribute the changes in cholesterol level® 
to quality or quantity of diet Ingested, Therefore, 
they suggested that the rapid rise in levels was due 
to release of preformed fat and Cholesterol from stores* 

Workers of nutrition Research laboratory, 
Coonoor ( 1054 found considerably low levels of 
total cholesterol in kwashiorkor cases which increased 
significantly after 3 weeks of dietary therapy. They 
found the average ratio of free to total cholesterol 

m ©*«0 at til® time of admission as compared to normal 
ratio of 0*30* 

Rama than ( 1055 $* studied convalescing 
kwashi o rkor case s and made similar observations as 

Jssm.' ^ eoPeF 'vpsFfsPp- rfwjf sptf* iUffiUP vSPW*' "S|Bo < vms erne os Rpas j f ii of r wp» r dHp w veqwdto Tw*WPr "wm ooir 
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found toy previous workers < van r»r Kar,195i» Dean and 
Sohwarts8#ie53* coonoor study# X?»54 % 

schwa rta and Dean ( ># In their further 

study found that the total cholesterol level came down 
to initial level after about 3 weeks therapy, whereas 
the eata rifled cholesterol level remained high* 

Craviot© at al ( 195§ )# also noted low 
levels of total cholesterol in kwashiorkor cases# at 
admission time which rose significantly to a maximum 
level and than either levelled off or decreased after 
starting the dietary therapy. They compared the changes 
with those occuring in normal children from birth to 
the end of childhood and fewad a striking resemblance* 
They suggested that the changes noted during the 
initial recovery of a malnourished child whose rate of 
growth and developwnt were decreased to a point at 
which clinically and M ©chemically he no longer resemb- 
led a child of his own chronologic age tout practically 
a new toon# ware similar to changes noted in normal 
new to© os as part of their process or maturation in- 
herent to normal growth and development* 

schendl and Merman < l#*t 1# Mao Donald et al 
f I ©S3 I# made similar observations a© noted toy 
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previous writers ( van D@r Sar,195l t Dean and Schwarts, 
1953 f Cocnoor study, 1954 ? Rarnnathan , 1955 
Schendel Hansen emphasised that the arrested rise or 
fall was associated with either the onset of complica- 
tion or inadequate therapy. 

lewis et al < 1994 noted a si^iificant 
sis© in levels in total cholesterol in kwashiorkor 
cases from 69 ♦ 21 mg/dl to 206 +' 113 ra^dl after 2 

«** mm 

weeks of dietary therapy* which foil to 152 + 29 mg/dl 
after 3 *mi$m of treatment , the later value was still 
si^iifloantly higher than the initial value* In marasmus 
oases, they found no significant change in total 
cholesterol level® even after 3 weeks of dietary 
therapy* The level after therapy was 143 ♦ 90 mg/ dl 
as compared to the admission level 139 ♦ 49 ras/dl. 

am 

Jaya nao and Krishna Prasad ( 1966 ) # mads 
similar enervations in 85 kwaaMorkor cases as notad 
by Lewis st alfl964 >** 

Taylor f 1971 >* also mads similar ebssrvs- 
%f < 3 fU i of a # rise in total d m l os ts r o l levels 

after dietary therapy in kwashiorkor cases* in contrast 

to previous rosters he did not notice any significant 
fall at 3 necks* 


< 19*72 ) # studied kwashiorkor slid 
marasmus oases along* th complicated kwashiorkor and 
marasmus eases in the age group of 8 to 10 months to 
evaluate serum total cholesterol levels on the day of 
admission# m 10th day and on 30th day of dietary therapy, 
m uncomplicated kwashiorkor eases# he noted a 
significant rise in the levels# which rose from 145.9 
mg/dl to ifif.f ay/41 on loth day hat on 3wth day the 
level fell back to 155.9 a$f/dl which was slightly higher 
than the initial level, xn marasmus cases# in contrast 
to kwashiorkor he found a less pronounced gradual rise 
in naan cholesterol level iron 135* 3 mg /dl at the tine 
of admission to 155.7 m@/dl on loth day and 149.fi atsr/dl 
on 30th day of dietary treatment. Xn the complicated 
group ( malnutrition with other diseases j .he did not 
observe any significant change in levels from the time 
of admission to 30 days of therapy. 

Dchoath suggested that in face of fatty liver 
and good depot fat# the low amount of cholesterol in 
untreated cases of kwashiorkor could be due to lack of 
appropriate proteins acceptors necessary for discharging 
lipid fr om the liver in the form of 1 i m anostol ns - 
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Tims lack of protein acceptors together Kith the 
lipoganie tendency, could account for the development 
of a fatty liver that was responsive to th® addition 
of proteins to the diet. 

Crurson, Hal ( 1973 ), studied mrasmlo 
children with mean age of 10*5 months and mean weight 
of 4* 90 leg in the severe and recovery phases to evaluate 
various lipid fraction®, Tirsy found the mean level of 
total cholesterol at admission was lsu rag/dl as compared 
to level of 172 m#dl in control cases* After 3d days 
of therapy# they found the level was 104 mg/dl which 
was not significantly different fro® the initial level 
or the control level . They concluded that similar to 
mechanism® controlling protein and carbohydrate homeo- 
stasis, the masmanic infants probably maintain a balanced 
source for lipids, as a result of which the plasma levels 
of lipid and lipid fractions remain within normal limit* 

gm s mmjsm 

Si ewts# art al ( 1964 ), studied the levels of 
fses fatty adds in kwashiorkor and marasmus cases and 
compared the values with normal subjects* tm mean age 





as compared to control values of 3*7 * aot^eq/l 
CP/, G,0U1 > at the time of admission. During 
treatment rapid fall in PFA level was observed by them 
and at the and of about 3 week® t Imm, the values warm 
comparable to those of control group i*e. 402 + 330/^eq/l. 


¥ In two of the patients only carboliydiata di^t 
was given for about seven days and the plasma fPA loud 
fall siipaificantly* After .introducing proteins in 
diet in the cases # the levels tended to rise to soma 
extent but eventually showed a fall after five to six 
days* they concluded that glucose administration 
depressed ff* levels* ifeexeas , prolonged starvation 
caused elevation in plasms lev®i» # They found the 
mean level of plasma PPA on admission as 81$ ♦ 347/^etj^l 
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between 4*3 and 14.8 kg* They found tint after 
nutritional therapy with 4 gcae proteins and 200* 

Calories per kg per day# there was a significant 
fall in mean value of nKsn-wsterlfied fatty adds 
< MW?A ) free the pretreatwsnt value of 875.5 ♦ 47.14 
/^eq/1 to 331*4 ♦ 94*75 on 30th day. The «§am 

concentration of mepa to their control group was 
444 + 43.14/^0^1* 

they also studded the effect of epinephrine 
on the levels of UEFA* At the tiiaa of admission# 
after eptnoifeiiu® stimulation wepa level® increased 
ttm 875.5 4 47*14/* ef^l to 1# 129*9 4 94* 52/Ue^l at 
30 mLn and 1# 357*2 ♦ 273.42/^0^1 at 40 min time. 
Corresponding ierdt after therapy were 993*0 4 144*51 
and 490*0 ♦ l24*4/*eq^l* the wean marlnatl response 
to epinephrine administered on admission and after 
treatment were not s tatistical l y Afferent f un eesh 
other* They suggested .that the hi#* circulating MKPA 
levels could be due to hepatic damage in kwashiorkor 
oases causing defective uptake of mepa# or that 
j gpgecfl UNI hepa levels represented an alternative asMasee 

fpli WWBnpjf IP rRflPVMp# 

Plasma fpa conce ntrations were Increased in 
moderate in severe case* of kwashiorkor &eui»*et al 19441* 
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®ii« ebaervatien mas wmmtamt unexpected in view #f the 
belief that infants developing kwashiorkor habi tua lly 
consumed an excess of dietary carbohydrates, and It 
ma a sell established fact that plasm FFA levels 
were depressed by the Intake of carbohydrates! howls , 
et el# lf*4 ). Leals # et al ( l#*f )# further studied 
FPA flint through plasma to assess the quantitative 
release of FFA into plasma In malnourished children# 
They studied 4 IwaaM.oskor and 2 marasmus cases, tm 
the control subjects the flux rate was found to be In 
the range of 4*9 to lu.t ^«iq/id)^l| body weight with 
the mean vain® of 6. 4 /<ec/»i*v'kg, and In the kwashiorkor 
oases the flux rate was 22.fe to with 

Its mean as 64*$/t*eo/miiv f kg on admission to the 
hospital* They found that the mean flux In Imashloskor 
oases was about 1© times than that of control group* 
After treatment for about 1© days* the ffa flux in 
kwashiorkor had fallen steeply in all patients to 
«*1 t* 1S*4 /aO q/ntt^kg with the mean value as 10* f 
yueep'ain/'kg body weight. Jh the marasmus group# the 
patients had firm rates above the normal range l.», 
2#*#/^ cq/adu/kg * 

Xn their study # Lewis and other workers 
found the mean ffa 'Concentrations in kwashiorkor * 



21 


marasmus and control cases wore 1049.25 + 296.420 # 
®f§.5 4 362.745 and 287*667 4 200.272 
respectively . Their study showed that# though the 
plasma FFA level was 3 to 4 time® of the normal 
In kwashiorkor cases# hut the mean ffa flux sate was 
as much as 10 times M#i@r than the control group. 

They concluded that production and removal of ffa 
was increased in kwashiorkor and marasmus. 

m<Mm ( 1967 )# studied the inter relationship 
between blood glucose # *fa and insulin levels in 
24 kwashiorkor cases and 9 marasmus cases# and 
investigated them -on admission and than regularly 
at an interval of 4 days during the first two weeks of 
dietary therapy. He observed no significant change 

In ffa levels in kwashiorkor cases after 2 weeks therapy/ 

■«* 

as mean level at adnissioii was 1.04 4 0.0® mEq/l 
which fell to 0.75 a 0.06 msq/l « on the other hand 
In marasmus# the mean ffa value fluctuated between 
0*70 0*26 and O.fl & 0.10 aEq/l. lie further observed 

that the kwashiorkor cases showed temporary impairment 
of carbohydrate tolerance# associated with elevated 
circulating ffa and a delayed fall in ffa, following 
a glucose load $m the diets. He suggested that their 
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metabolism could b& partially blocked, perhaps due to 
00 m® mmymm deficiency at the entry to the Freb-cycle , 
and • tressed that if it mre so, this could explain the 
accumulation of body fat both in depots and in the 
liver. 

flurson and saner ( l ® m }» studied 14 marasmus 
cases on admission ( id thin li days }# after 4 weeks 
and finally after 14 wesSes of dietary treatment. They 
found no significant change in fpa lewis in taarasai© 
cases* in their later study of ffa in raanaastl© cas es 
( 1973 )#they concluded that marasmi© cases probably 
maintain a balanced source ©f lipids as a result ©f 

the plasma level ©f total lipid and U®id fract- 
ions except lipoproteins and phospholipids# remained 
within normal limit* 

Similarly Agbedana# at al { l®7® )# found no 
significant changes in FFA values in untreated mara stale 
cases# though the values . ©ere significantly higher 
in untreated kwashiorkor cases. 
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mwumTZicm .yan nvuap r.T TO FRftCTIOMS 

Bchwarts and Dean ( 1957 )# £ound a s i gal , f< o^n t 
*4se to seme phossfcoiipld level© fw» 145 mg % to 
206 nag % *51 at the end of 2 wsslos of dlttsty thftwiy 
In iMshiozIcor cases# Siioh subsequently f el l: to igo mg/dl 
after 4 weeks therapy, Mao Donald# et al ( 1963 > and 
Lewis# et al ( 1964 )# mads a similar Observation to 
kwasMorkor children* However# to isarassnus# Lewis# ®t al 
observed a rise to serum ihospholipid levels af ter 2 weeks 
of dietary therapy# thou#* it was not ©i^iifieant* 

Taylor ( 1971 h found a gradual rise in levels 
of phosphollpi ds to kwashiorkor case© after 20 days of 
therapy after which# he observed a fall on 30th day# 
though the values were still higher than the initial 
level* Curses# et al { 1973 )# studied serum phospho- 
lipid levels to marasmic oases# and they fo un d a signi— 

tioant fall in level® after dietary therapy from 
ISO 4 24 mg/dl to 117 4 8*9 stgc'dl* 

MM Donald# at al { 1963 )# studied sens* 
triglyceride levels at the time of aanisslcn and after 
dietary therapy la kwashiorkor oases and found a signi- 
ficant rise to levels on 10th day of therapy as levels 
rose from to 4 36 mg/dl to a level of 203 4 46 m^dl 
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and again fall to the initial level ©f 93 £ 37 »i/dl 

on 2dm day of therapy. lewis # et al ( 1964 ) and 

d'aya Rao and Krishna Prasad ( 1966 }, found similar 

changes in kwashiorkor cases* Whereas in raarmsaus # 

L©wds#et al found no si g?iif leant change on 10th day 

of therapy# as the levels war® ltd ♦ 65 mg/dl as 

* 

compared to 190 ♦ 57 ®^dl on admission tout on 20th day 
of therapy# they noted a significant fail to a level 
of 85 •¥ 14 rag/dl. They compared the levels in marasmus 
.and kwashiorkor cases and noted a higher level in 
tias»sntis#the cense they suggested # was large production 
of eqdogeaons flaws triglycerides free circulating WA* 
whereas in kwashiorkor cases the lipid acmamlated in 
the liver as liver was unable to dispose of fatty acids 
adequately* 

• i 

Truswell and Hansen ( 1949 h and Taylor 
( 1971 ) .noted similar changes in triglyceride levels 
In kwashiorkor eases as noted by previous workers 
Mm Donald# 1941 p beds @t al# 1944 p Jaya Kao and 
Krishna Prasad# 1946 } # but Taylor found that the 
raised levels persisted apt© 20th day of therapy and 
theft fell to initial level. Agbedana C 1979 ), studied 
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trl glycoside 1 enrols In kwashiorkor and marasmus*. 

«***« the severe stage and found slightly raised 

levels of 114 ♦ 19 m^dl in kmshlorkor as compared 
to control level® of W + 4.0 ra^dl, but this 

mm 

dif foreman was not sijpiificant. m mrasiaia oases 
the levels of 98 ± 19 ag/dl mm similar to control 

C& B &B e 

iHHP. leipii'ipiir 9pF ■ 

Cravioto# et al ( 1959 )# studied serum 
lipoprotein levels in kwashiorkor mass and found 
significantly low levels of alpha and bate lipoproteins 
at admission tie®# which rose after dietary therapy 
reaching to a mawtaum and then# either levelled off 
or decreased, they also found that in two of the 
cases the initial levels of beta lipoproteins were 
either normal or higher than normal and after therapy 
the levels decreased. They further correlated theme 
changes mth the changes ©coining in normal children 
from birth to the end of childhood# and noted a 
similarity# They concluded that the biochemical 

Changes# independent of age# ease and severity of mal- 
nutrition were normal finding in much younger well 
nourislied children. 

Chabterjee and Chaudhuri ( 1941 ) also 
reported .significantly low levels of alpha lipoproteins 



in PGM cases at the severe stage of disease. Tnmtll 
®t ai ( !§&*> ) # reported variable levels of algtja 
lipoproteins in kwashiorkor eases at admission and 
wswaented that the eleetrofiioresis technique, fey 
tiiieii the previous worker® had reported low level®, 
was not a reliable method. Gursoo, et al ( l®f$ ) , 
studied aarasmic case® and found significantly low 
fraction® ©£ alpha lipoproteins as 24 £ 8,3 % of 
total lipoproteins , as compared to the normal control 
fraction of 32 ♦ § %* They noted a rise in alpha 
lipoproteins fraction as recovery occurred • They 
did not find any change in the beta lipoprotein 
fractions either at the initial phase or after therapy 
as compared to the control fraction. They explained 
the low fr ac ti on of alpha lipoproteins Sm their st udy 
were due to significantly low levels of albtsain in 
plasma as compared to the normal control levels. 
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U»a present study was carried cut la the Department 

of Paediatrics In collaboration with the Department of 
Biochemistry, M«L.B .Medical College and Hospital, Jhanslfu .^. ) 
from my 1982 to mwah 1983* 48 Infants { more than Jmonth® 

of age } and pre-school children f 1 to 5 years of age ) 
attending the Well Baby Clinic and those admitted in the 
Paediatric Ward were selected for the study. 

Cases were grouped as follows t- 

A. Control group* 
b* study group* 

10 Infants mad pre-school children weighing more 
than 80# of the 90th percentile of Harvard standard for 
their age, who were apparently healthy or convalescing 
after a mild attack of Polio, were selected for the 
Control group* 

g.el.^J^.iPXgtudv.^mE - 

jgg infante and pre— school children suffering 



§mm Protein Energy Malnutrition f H K 1, willing 1 mm 
than W>% of the SfHth percentile of Harvard standard for 
their age, comprised the study group. 

Children suffering from Primary liver disorders 
or diseases like Diabetes mellitus, Primary hypertension, 
%xoedaitta # Renal disorders and Malaria etc, affecting the 
total lipids cur its fractions sere excluded from both the 
control as mil as the study group. 

Besides name* age, sex, address, socio^aeonomic 
status# occupation of parents, educational qualifications 

a 

of parents# birth order of child in the family and par- 
capita income, following facts were recorded in each case 
on specially designed proforma* 



A detailed dietary history sine® birth till 
the completion of this study was recorded with special 
emphasis on the following points* 

i) the age upto which breast milk mi given. 
il> the age when artificial milk was started* 
the type of artificial milk, its dilution 

and the average quantity consumed daily. 
Mi) me age Whan semi solids and solids ware 
started. 



iv) Hie present diet! tic history in terns of 
quantity and quality of food used for 
feeding the child. 

An average of total calories and protein in- 
take per day w@re recorded in each case to know the 
quantum of deficiency for that age. 

A detailed birth history was recorded with 
special emphasis on low birth weight ( including pre- 
matures and small for dates U 

&x&jmmaL - 

“The dev@lopws.tal history of each, child was 
recorded in all the four fields i.e. tress motor* Mani- 
pulative or Tine motor* Adaptive or social and speech, 
the age at which the child attained different mile stones 
was ascertained by subjective and objective assessment. 

mssmmSkjm^L gagas, man turn. *» 

Pro at the parents or other family members* 
detailed history was obtained regarding present mad 

past illnesses. Efforts were s»de to find out the 
oeo ur r soce of any aouto or chronic illness lilos Tuber- 
culosis* worm Infestation* pertusis* measles and Halarla 
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***** eight hmv© affected the nutritional status of 
the child and also tee lipid and it® fractions Sm tee 
blood* 

tMUxJi&mM - 

M enquiry was «ad® about tea Mstoxy of 
diabetes, tubexculosis, hypertension etc. in tee family 
members* 

All patients of study gxoup were put on autxl* 
tional therapy to die® tee daily intake of food to 
200 Calories pair kg. with 3-4 gas. proteins per kg. of 
tee- present body md#t, ( tfalia and Rugainl, 1962 >, 
with vitamins and minerals cupplwantatic®. Drugs for 
infection® and infestations, and intravenous fluids were 
used as and When required* 

Jin attempt ms made to follow up the cases 
upfcs 20 days. 



A thorough elinioal examination was done 
including general appearance, psychomotor changes, hair 

changes# facial look like moon fads or wtssned lock. 
Byes were examined for the presence of conjunctival, 
nesoais, ML tot* s spot, pallor and my other afcnonsality. 

lips , gums end tongue were examined for the presence of 



******* **mmUM* 0 Cheilosis, bleeding and apongy gw, 
glossitis etc, total maaber of tsetli present la the 

oml cavity and their health status ms noted, Skin 
me emnined for the presence of hyperkeratosis, 
d#pi gnsntatlon , xerosis and various dtexmatoses. Skeletal 
eyetSM ms examined for the presence of any deformity 
and mkffm of vitamin 9 deficiency such as croaio-tahee* 
hossiag of skill# Harrlsoa sulcus, toock knee or 
how lego* 

Clinical assessment for the loss of submits** 
aeons tat and ousel# nesting nos dene in mu child. 

thyroid gland was examined to find out 'any abnormality. 

h th€Mermgjh examination nes dpfie to 
my systemic abnormality. 



Measurements were conducted m the day of 
admission# on 10th day and on 20th day. 
weight - Infant weighing seals capable of measuring 
wntdkfc *» ®» «*■**•* of 0.0® kg* wm used for 
dtUiviA who could nod steed# and adult type spring 
mk&$mg mmm was used for recording weight nearest 
to 9.1® kg In elder children, weight was records* 


with ni n iw ro ei (tlothss mid before each m ^ir tfnttimt. 
*H8m err or was ©orrected. Saroe machines were used 
for subsequent followup* 


!£&g$l * By Wiag ea infantoantar* raeurtbetit length 
mm measured to the nearest of 0.1 cn.* toy placing 
the ohild ®«l*too on the infantonetsr* Mead me held 
iinaly against the fixed upri#it head board and 
logs straightened* keeping feet at sight angles to 
lege with toe upwards* The free foot board was 

trough t into lire contact with the child's heel. 

Head circumference - Kith the help of * narrow 
flexible steel tape* head circumference was measured 
toy applying it finely over the glatoella and supra* 

anteriorly m&e& the eee&pitai prominence 
posteriorly* giving the naxiaal dscimferanee* 



Zn the mid respiration the 


chest circumference was measured with the help of a 
steel taps at the level of xiphoid cartilage in a 
plane at right angles to the vertebral oolwon* the 

Measurement ms recorded in recumbent position to 


the nearest of ©•! an* 
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^USSifl^SEBBSS. ** ClzcmalesoncQ o£ loft uppMT 
*** at the point mid my batman the tip of aensnim 
process ©£ scapula and olecranon process of ulna, ms 
measured to the neatest of 0*1 on. while the an was 
hanging freely by the side* 

M&jsm . JdyEBBjgggBEI - RasdUsal calf ©irinwfersnea 
eas nsasused nearest to 0*1 a*. on the left lower 

U«b whan the child was bearing weight m it* 

mm m ms m * 

Bach child was subjected to the following 
laboratory investigations* 

Blood • Haanogictoin, 'Total and differential 
leucocyte counts* 

Total Send Proteins. 

£snm albumin. 

|ftP» jdfe dia eejWteaL ^ a *8[ rV eni 

EHiTtW GrlCtHIxiJIe 

sugar* 

brine ♦ Routine erastination* 

Stool « Routine eraninaticn for ova and cyst* 
Test an d wa«<l invest! rations 

were performed when necessary. 

- sesides above investigations lipid status 
was assessed by estimating*. 


"fOtMX BerttH diol eg terol level 
Smxm total Lipids and 
Sojsias pj tee Fatty Acids. 


SfiMfifitMaLM Mood samples - 

Blood eaaspl©© ware collected from t he p ert - 
pheml vein or fmBoml vein of each child by veni punct ur e 
on idle day of add salon t loth day and 20th day wider 
all aseptic precautions and alter taking consent from 
' the parents. 

Blood specimen was collected in plain dal, 
and was allowed to clot. The seme was then transferred 

to a tost tube and centrifuged. The upper clear layer 
of mmm was transferred to another test tube which 
was stored In dsep freezer for analysis. 

On the principle of Blatkis, 2ak and Boyle 

I 1953 } # serum total cholesterol was estimated by 
Henley** method ( l§m U 

Principl e * Cholesterol In acetic add solution 
glees red colour then treated with ferric chloride 
end ffwl f fowwie acid. - 
Reagents « 

1* mastic Md - fladal acetic add ( A R ) 

eh.# Cjfintnfi irti 

lip. 
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Ferric Chloride reagent - Mm solution 


This reagent was prepared toy dissolving SH mg* 
of Feclj * 6 %0 salt in 100 ml * of glacial acetic 
add f A R 1 » Hi® prepared solution was stored at 

room temperature. 

2*. Sulphuric said - sulphuric acid (ARK 
4* stock cholesterol standard solution - 

Iff) mg* of cholesterol powder was dissolved 
in 100 »!• of glacial acetic add ( A ft \ to prepare 

stock cholesterol standard solution* The solution thus 
prepared was kept in cod and dark place* 

5* Cholesterol standard for use « 

The above cholesterol standard solution was 

diluted l to 25 with ferric chlorid© reagent* This 
solution was also kept in eeal and dark place. 

PBliaSaatt - 

0*1 ml* of serin was added to 10 ml* of 
ferric chloride reagent in a test tub®. Hie mixture 
was mixed wall and was kept for 10-4 S minutes for the 
proteins to flocculate. The whole mixture was cental «* 

fuged at 2# 900 fpa* for 10*45 minutes and then from the 
*yl*a*y supernatant 5 ml* was transferred to anotjiwtr 


test, tube* 3 m 2.* of sul|iiuiie acid ( a R ) woe added 
fey til® aide of the test tub© and the mixture was 
mixed thoroughly fey shaking, and then allowed to stand 
for 20-30 Minutes* 

For the Standard-O* 1 ml * of physiological 
saline was nixed with 10 ml* of cholesterol standard 

solution for tie® and than out of this Mixture s Ml. 
was transferred to another test tube* 

For the Blank - 5 ml. of ferric chloiide 
reagent ms taken in a third test tube* 

me samples were simultaneously treated for 
Blank and standard. 

Values of uaknom < Test sen ) and Standard 

warn read on colorimeter against Blank to set sere 
using a y ello w filter. 

mmmrnam • 

fetal cholesterol in mg / 100 nl. serum 



In general total cholesterol was performed 
cm each specimen, however to test reproducibility 
duplicate deteneinations were performed at intervals 
throu^flsemt the study* 


Phosshovanlilln ®ethod ( Flings and Fendley, 
191^2 sitd A nn l. no , 1976 1 mas employed to 
mixm total lipids by using Span Dia^iostic Kit 
C Alt.* ®fo* 926 K 

** lipids on heating with ccncsntxatsd 

sulphuric sold and phcmphovaaiiline reagent produe® 
pink colour son he measured colorisietrlcally* 

laamM. - ***• **t eentained the following reagents - 

1* lipid standard { 700 mg/dl.) 

2* . Sulp huri c amid 1 ~ 3Ma -61 5 : 

$* Phoapfcovanllllne Reagent. 

Vanillin® Reagent - *•© giw of vanillin® mas dissolved 
in mater in 1 litre volumetric Hast and diluted to 
give a total volume of 1 litre* the solution mas 

H^PPIpPPI 4 J 0 I OTOGrMl IPP^mlfcSpiip' 

Phosphovanilllna Reagent -* in 3S» ml of vanillin# 
reagent » ml of mater mid too ml of eons* stoo®i*io*i« 
mold mas added m&tii constant stirring in a 2 litre 
flask, Use solution mas finally stored in Inmiex bottle 
in refrigerator batmaan 2 to #C * 

; : . " ... ■'.■.■/; -v ’-M. .'■ ; ■ : . ■ '•• v . . -;""\ /•'../ . ' : ■ ■./■'■Y"' Y-Y, ■!■■ Y Y 

.JBbf. u-ihBttiflfci '' '■•'■■•■ ••' ■ •/•"••: :! - . • • V " V.. 

Estimations mare carried out in test serum 





alcogwlfb blank ana lipid standard. 

To 2 ml of 36H sulphuric add 0*1 wX. 4 kK 
** added and mixed thorou#ily. The mixture was leapt In 
a boiling water bath tor 10 min and than cooled to room 
tempera turs. Fro® the above mixture 0.2 ad fluid was 
transferred to another tost tuba and 6*0 ml of phospho- 
vanillins reagent was added. The mixture, thoroughly 

mixed wae Incubated at tf* C for 15 min time and then 
cooled to room temperature* 

■e "■■■ 

for standard - 0.1 ml of lipid standard and 

for Blank » 0*1 ml distilled water was used* 

Optical density of the test serum and standard 
lipid solution were measured at 540 nm by using green 
filter against blank to set sero. 



serial total lipids in m#dl - fSf<lnf ffistSted 31 700 

OP aLMMB 

million Novaks taehniqps ( 19*5 ) wm employed 
for the estimation of free fatty adds in serum* 

Principle * Free fatty odds are extracted from the 
serum and than eeteriiled with the help of cobalt reagent 
which are then estimated eolorimetriaaily with the help 
of tb# indicator. 
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1* Cobalt reagent - 

Solution A * Cobalt nitxat@-ac©tic aoid-pota©el\»a 
sulphate, was prepared toy adding 6 gms of cobalt 
nitwit* 1# 00 C we* V * *%0 and 0.8 ad of glacial 
acetic acid to a saturated, solution of potasslus 
sulphate < saturated while boiling, with asooessiv® 
crystals at storage, and filtered before use > to give 
a total vdLwm of 100 ®1 at 3?^ C. 

solution » - a saturated sodium sulphate ( ftagSOg) 

solution was prepared by adding sodium sulphate poudar 
to boiling water* It was stored at 37° C. 

Preparation of Cobalt reagent - Tri ethanolamine 
1*35 fdse was oade upfeo 10 volumes with solution A. 

7 wodwnes of solution s ware added and than the mixture 
was shaken wall. This reagent was prepared every tine 
fresh for the analysis, as it was not stable* 

3* indicator * 

stock solution «* 0.4 * alptea-nitioeo toeta- 
naptothol in »4 % ethanol wm pnepeped toy dissolving 
0*4 gpi cf It in 100 *1 of ethanol. 

Petr use ** 4 ad. of stocks indicator solution was 


diluted with 4* sd cf rn % ethanol* 
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3* Bole*s extraction Bd.xt.usr® — This mixture wit 
prepared toy mixing redistilled Isopropyl alcohol 

40 pax*®# Heptane 10 parts and ti f^sog t part, 

%■ «# 

4# •Heptane solution- Redistilled chloro- 

fOBBi and w heptane were mixed in the ratio of 5t 1 

■ ■■■** 

( V/V ) to prepare chloroform-heptane solution, 

5# standard Mid tie Acid solution - 0.0SM 

palmitic add solution was prepared toy dissolving 
1*3 #80 of paid tie acid in 100 ml of Dole*® extraction 

mixture mad ms stored at 0° c. 

% :■ 

faawwsEfc * 

Estimation® ears carded out In duplicate 
aimtitfMi rii viMif and palmitic acid as the s tandar d. 

To 2.5 ml of Dole's extraction mixture in 
test tribe 1 id of serum ea® added* th® liquids ear® 

■si i«a»il hy dialling, The test tuba was cooled for 10 min 
in ice coded eater, To this 3 ad heptane ms added 
followed toy 4 ad of glass distilled mter. The 
contents mm thoroughly deed and then alloesd to 
stand for 10 mfn, After the phase® **d separated, * ad 
one drawn iron the upper heptane phase and transferred 
m another test tube, 4 ad of etaoroform-heptane mixture 
liM added to it followed by 5 ad of frsdtly prepared 
oadolt ragant and the solution was thoroughly adxed 
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for 3 lain* fti® mixture ms esntrlfuged for is rain 
2, S500 spa and than 4 «l of upper cMorofoiai- 
heptane phase me transferred to a test tub® containing 
» plnet* of anhydrous ©odl*ss sulphate pewter. F«o» 
this 3 of tin© dehydrated chlorofora-hegtan© adxturs 
ms transferred to a tost ttfM containing 3.5 *1 of 
ttoo indicator solution* 


For standard*! &X palmitic acid solution and 
For folanK~ 1 oil distilled water ms used and mas ® 
tubas nmm treated exactly as for seru® as described 
above. values «e» read if) sin later- at SBO aillindonsi 


f i ) in a spectroi&otoiaetor* 

cs a I cr ul M mm «*» 

standard solution » 1.3 $ae of palmitic aoid^dl 


Dole's extraction mixture ( 5.0? naj^l > . 

m *» ■*»'* - SSSg of ' I^S ^aS^ti. * S * OT 

m eseh analysis, two standard solutions were 


treated simultaneously to redoes the error. 


j» general m estination ms performed on each 
specimen, however to test mproduoifellity tatplioato 
determinations were performed at Intervals ttos«m#io»fc 

the .study* 
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•mm present study ©oopHsed ©f 16 aalaourtshed 
aa<l l© heal thy/ cmr&l eocing poliomyelitis Infant* ana 
children aMtM in Paediatric ward cor attending the 
Baby dial© of Jf*X.«B*Hsdlcal College Hospital, 
Jhansi they were classified into 4 groups 

according «© Indian Academy of Paediatrics Classification 
of Malnntiltien f 1973 )* There were 2 eases of under- 
nutrition, 29 case® of marasmus# 15 eases of oniHlo 
kwashiorXor mid % oases of toashioricor. 

tbs children nor® investigated on 

tl m# day of ad w i s aien # j0th day and t oon on 2ytb day of 
starting dietary therapy* dll the ehildrsn of various 
malnutrition groups emild not be followed up to 20th day 
a® evident iron taMo*2# o» 2 of 'the* eoqptred# 2 of 
maxasmic group end 1 of aarasaaie kwashiorkor group# # 

Of the®, left against nodical advice and 5 developed 
malaria. itodemutrition group could be followed npto 
20th day only* * WUrod T teat * w* used to test the 
statistloal significance in the follow up level® i 
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SERUM TOTAL LIPIDS LEVELS IN -mg/dt. 



SERUM TOTAL LIPIDS LEVELS IN 

CONTROL AND STUDY GROUP 


control 


MARASMUS 


MMMSMIC-KWASHIONKl 
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TIME INTERVAL IN BAYS 
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* student t test * wee used for evaluating significant 
difference between levels in different groups* 


As evident fro® Tabl@~l, the mm age in 
control* mdemutrl ti m , raamssms, raarascilc kmshioxkor 
and kwashiorkor children ms 35*711 £ *8*21* 11*50 £ 0*71, 

23*18 t 1**14# 23*40 ± It* 45 and 31.00 * 18*44 Months 
respectively. The aean body might in undscoutadLtion# 
mmamms mtmmole kwashiorkor and Jcwaehiorkor {groups 
ms 4*43 t »•**• 3*48 t 1*70* 5.65 t i*3» end 8*7u t 1*71 
kg respectively* end man body wei^it of control group 
ms 10*55 ♦ 3*44 leg* The naan length in control group 

ms 80*32 * 11*57 on# meres* in underautzi felon, 

®a ramus, nasesMtc kwashiorkor and kwashiorkor group# 

the mean length ms 48*80 * 1*70# 83*28 ♦ 3*41# <©*24 
* 8*43 end 74*40 * 10*50 m respectively. 


SEailH nayAL 


serum total lipids levels in various malnutrition 
groups and in control group are ahem in fhM* «*• 
am total lipids level in cmtarol g*mp ms 444.12 * 47*44 
■g'dl, messes in undemutrlticn, nstms# namante 
kwashiorkor and kwashiorkor groups# the levels at 

mm 481.70 t Mi * 383*82 t 48.52# 420.45 ± 41*15 «*»d 
4»1.5u g 4t*7? »g^dl reep s c tively* The swan total lipid 
levete in centsd g reap ms significantly higher than 
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itoe lev^s in all the Malnutrition gimp (p £ w.ui i» 

Tte& locals In naaragolc group w®*® si^aifioaotly toi.jgto®r 
ttem those in narastale kwstolotfcor and kwaetolotfsor 
groups ( 9 4 4*,«1 )* Bttt th© levels in 1 a ter two 

groups use® stalieUesliy not slfniflcanfc f P 7o#05 )« 
in the w* rased c group# during follow up# tht 

KMu aeruis total lipids levels on iwtu day «*nd on 2wtto 
day Of therapy were £ 43*w3 end tu4.85 £ 34*40 

a^oi respectively* ***** 1st end 2nd follow up levels 
were aipalflgaotly ni{£ier as eoapared to th® levels on 
admission day ( P £ W#W1 i* tout the levels on 2Wtto day 
wore not significantly different Ins the levels on 
lotto day, 

2n the aaraenic kuesldoa tor group# ttoe esan 
seme total lipids levels on lutto day and on 2wtto day of 
follow up were «M««e * 5«,*S end *3?,4* £ ?3*«« t«/dt 
respectively, tue sestet total lipids levels at admission 
were si^ailioantly low as e»px*ed to too levels on 
tom d»y end Sinn day follow up * p £©*4*1 )* tuo 
levels of seme total lipid# on 1st follow up were 
sipnlfioaatly toi#ier then ttoose on 2nd follow tipfo £ w*Of )• 

to evident tow tiw fatten# in towastoiortoor 
group# the nesn saaew total lipids levels on Iwtn day 
end Hutn day were ?f2*S3 £ §4 #4? and ii©#4w £ tisTS na^dl 
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respectively. The total lipids level at admission mis 
found to to® statistically significantly low as 
compared to the total lipids levels on 1st and 2nd follow 

up C P 4 )• The total lipids level on 2nd follow up 

was not significantly different from the level on 1st 
follow up < 9 70.05 >• 


Table-3 depicts serum total cholesterol levels 

in control and various malnourished groups, in control 
group the mean serum cholesterol level was 1*8.25 t iw * 18 

dl, whereas In underautriticn# marasmus# marasadc 
kwasMorlsor and kwashiorkor group# the mean cholesterol 
levels at the time of admission wer® 134. *5 + itlt# 

148.7* + 12-47# 118 .W8 + 22. Of and 1U4.81 + 8.29 ag^dl 
respectively. Th® mean serin cholesterol level® in 
all the malnourished groups were found to toe significantly 
lower than that in the control g roup ( 8 4 >• The 







found to bo significantly higher than that on admission 
day* Them 'm.s no statistical difference Observed 
between the level© on luth day and on 2wth day ( 9 7 u.U 5 i* 

In the naraemie kmsdorkor group# during 
follow up the mw total cholesterol level on 1 st follow 
up and 2 nd follow up were tel . 66 * 16.11 and 17U*4U * 20*04 
«g/di respectively , The uean senna total cholesterol 
level on 1 st and 2 nd follow up war* found to be 
significantly higher than the admission level { P 4 u.01 i. 
The mean total cholesterol level on 1st follow up was 
significantly higher than the level on 2 nd follow up 
C P 4 0.05 h 

In the toeishiorkor group/ the mm cholesterol 
level m IQth day and on 20th day were 106*36 ♦ 21.22 
and lpe.32 ♦ 10*52 rag/dl. The mean total cSiolesterol 
level at a 4 MUM*«a mm significantly lower than the 
levels on 1st follow up and 2nd follow up ( P 4 ^*ol /* 

The mean cholesterol level on 1 st follow up was statis- 
tically not different from the level on 2nd follow up 

t * T ©.os >. 

m MjamjmxL ~wm mm. 

serum free fatty adds levels in oontrol 
group .and various malnutrition groups are shows in 
Table-4* in me control group# the seen serum free 



SERUM FREE FATTY ACIDS LEVELS IN CONTROL 
AND STUDY QROUP 


— CONTROL 
-© MARASMUS 

-* marasm \c* kwashior w*. 

— KWASHIORKOR 


TIME INTERVAL IN DAYS 
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fatty adds level was 0,495 + 0,037 bE<^1 # wh»r©as at 
the time of admission in untoxnutdtion* marasmus# 
raarasmic toashiorkor and kwashiorkor group® # the serum 
fwe fatty acid® levels were 0,632 + 0 , 097 # 0.505 ± 
0 , 064 # 0.774 ♦ 0,109 and 0,993 + 0.097 luSt^l . The 
Ire® fatty adds level of central group were significantly 
low a© compared to the levels of tm resale kwaehiorkor 
and kwashiorkor groups# hut were statistically not 
significant whan compared to the marasiuue group levels 
9 7 w.us i. 

During follow up of marmsmie cases# the mean 
serum free fatty adds levels on 1st follow up and tod 
follow up were u*4i5 + ©,04u and 0,520 * 0.052 wBBq/l 

<to am 

respectively, The levels on 1st or 2nd follow up were 
statistically not significantly different When compared 
to thd admission levels { P 7u.os )• the levels on 
1st and tod follow up mm also not significantly 
different ( P T&M )« 

to the maraedc kwashiorkor group# the mean 
mmm fra* faith adds levels on loth day and on toth 
day were 0.416 * 0.047 and 0,475 + 0.037 mtf 1 

reepeetively. the level at admission wa* fowMS to lee 
significantly higher as compared to level* e*» 1st and 
tod MUt m f * 4. Mi ># tot toe difftowme mhmm* 
the Into# to® gwws® statistically 

* *? Mil* 


t®»SS ♦ SU4# 4*4$ ♦ 5*4® ♦ t*7ll §*45 ♦ i*4U ®*1NU + 2*1»W 

***** ci*^ as* * (si 
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In %li© kt^sMcaftor gioup* during follow up 
tii® moan free fatty acids X avals in serum on 1st 
follow up and 2nd follow up were u. 389 ♦ 0.046 and 
0*432 £ 0.040 mq/l respectively. The lev®!# on 1st 
and 2nd follow up were si got flcan tly low When compared 
to til® Initial level® ( p ^0*01 ), fh® levels on 1st 
and 2nd follow up were statistically not different 
f son ©soli other. 

wmau m^LMJSML 

Table-5 shows the weight gain pattern in 
venous malnutrition groups# during their follow up on 
l(lth day and 20th day of dietary therapy. 

During follow up of marasmus group# the aeon 
weight of children on 1st and 2nd follow up were &.ui % 
1*53 and 4* $3 ♦ |*13 kg respectively as compared to the 
weight at admission ( 5.48* 1.70 kg 1 * A significant 
difference was noted between the weight at adnission and 

wolgjht on 1st follow up# and also betwe e n 1st follow up 
and 2nd follow up weight levels ( P 4 ©*ol >• 

M maraaraic kwashiorkor group# the naan weight 

noted at 1st follow up after 1.0 day® therapy and at Snd 
follow m eitot 3© day® therapy 4*11 £ 1*91 and 
4*10 g 1.8C kg respectively* The diffe rence In weight 
'Observed at adaissi on and at 1st follow up # and between 





1st fallow up and 2nd follow up was statistically 
significant ( P 40.01 ), 

In the kwashiorkor group during follow up# 
the ««a« weight observed on 1st and 2nd follow up were 
9,04 t 2*70 and 8,42 + 1*23 kg respectively, Use 
difference observed between the weight at admission end 
on 1st follow up « weight at adtaisalun and weight on 
2nd follow up # and weights on 1st and 2nd follow up 
were statistically significant ( P 4 0*01 J* 

tag? m mm mm 

tm tolSN-d shows the rate of wol^it gain per unit 
of body weight per day in marasmus # narasnlc kwashiorkor 
and kwashiorkor groups from the tine of ©Mission to 
the completion of study. The rate of weight gain in 
marasmus group wee found to be 14.41 ♦ 2.81 gn^/day# 
whereas in the laaxasadc kwashiorkor md kwashiorkor 
groups# the rates of wel^tt gain were t.e* ♦ S.u© 
end 1*57 * 2.47 &n/W*m respectively. A significant 
difference was noted in the rates of weight gam in 
aarassdc group sod maraasiic kwashiorkor group < P 4 0*us ># 

and a M&lf ai^ffieaat dlMmmmm was ofceervod hrtwi M tt 
t he rates of w«i#*t gain in mmmmam group and kwashiorkor 
| »4 0 # 0 i J, no signifioant difference was noted 
In the catae. of wwight gain m mumwIo kwashiorkor and 
taaitim groups ( p 7 0*01 >« 
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SERUM ALBUMIN LEVELS IN gm/dt. 


SERUM ALBUMIN LEVELS IN CONTROL 
AND STUDY GROUP 



CONTROL 


MARASMUS 


MARASMIC KWASHIORKOR 


KWASHIORKOR 


TIME INTERVAL IN DAYS 
FIG. 4 
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• 

Table-? shew the serum albumin levels In 
control and various study groups, in the control 
group « the mean serum albumin level was 4.ufe + u.42 
#*/dl# whereas the levels of serum albumin at the 
admission time in undeiamtrition# marasmus# «a resale 
kwashiorkor and kwtsMorioor groups mm 3.2$ * U.35# 

w* 

3.2* 4 U.44# 2.23 ± U.42 and 2.1s t W.3U tft/dl 
respectively, mere was a significant difference 
observed between the levels in control groups and 
those in all the malnutrition groups < P.£ y.ul > , 

'during the follow up of aarasmic group# the 
mom serum albumin levels at 1st follow up and 2nd 
Mlw up were 3.81 + u.14 and 4.u7 ♦ 0.14 gra/dl 

respectively, a aigni&aant difference was observed 
between the level at admission and 1st follow up and 
also between 1st follow up and 2nd follow up < 9 £ U.ut ) • 

In the marasmic kwashiorkor group# tlie serum albumin 
levels on 1st follow up and 2nd follow up were 3.2? ♦ 

0. 40 and 3**5 ♦ 0.33 g^dl respaetlvely. The serum 

albumin levels at admission and at 1st and 2nd follow up 
were significantly different from each other C 9 £ M.wl 
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In the kmsMorkor group* the mean serum 

albumin levels on 1st and 2nd follow up were 3*ll» + 
0*30 and $**0 ■* 0*43 gsr/dl respectively and the albumin 
level at adsi.ssl.ott time was 2*16 + u*3u gig/dl* ®he 
difference between the initial and 1st follow up level 
wee highly significant < P 4 0*01 ) and between 1st 

and 2nd follow up was significant ( 0*05 )« 



DtBCSUWSlON 


me present study was carded out on $8 
malnourl shad and 10 oontzol infants and children. 
Children suffering from primary liwer disorders of 
disease* like Diabetes wsllitua# Primary hyp@rtsmsi.et* # 
i|^ jiu<><liiii>r» i usual disorder® and mlarta ®tc* affecting 
t**e total lipid® or its fractions# w&x® not included 
In the* control as toll *• the study «*oop* Observations 
liacv# tj@@a presented In 1Wi« it©?* & critical 
analysis of ©or data with tangible inlemice is dealt 

MNNifftU 

tt the iaadejmitriti«fi group# tliioh ©emprises 
the biggest group of w&nourlshod population# only 
2 cases were admitted for the study# as it was 
difficult to ecKSvlnee the parents for the s^lsston 
the sick Children of this grow admitted wore 
from diseases affecting the lipid states# 

*® an appreciable nvrtwt could not be iadiidsd in 
the present Study, these oases# turn*#* iawoeti«et«d # 
cere not included for statistical analysis. 



• Tim ©f manuntus group i n our study 

wa® 23.tf eonths# similar to tha efoservatiaa mad® 
by I>e*ds et al ( lt©4 )* Suarson and Saner ( ) 

Rao ®t al ( 1ft© ># Agbadana < i©7« ) have reported 
the wean age in marasmus to be between t«® years# bat 
Me taren ( l#bt ) and Hijaai ( 1974 } reported the 
«ean age as less than 1 year# Me mien ( 1944 ) 
suggested that early and abrupt weaning associated 
with diluted and unhygienic formulae# repeated 
infections and starvation therapy leads to nutritional 
marasmus in infancy# Xn our study besides other 
social factors# prolonged breast feeding { upto lb 
months # range 4*40 months i end delayed weaning 
could be the important onuses of the higher moan age 
of marasmus group. 

Hi our study# the mean age of the bwashfcrtcor 
group was 31 aonths# which was similar to the finding 
of Agfeedsaa { Iff* )* ft** range of age noted by 
naans than ( IfSi)# selwarts and Dean ( ifff )# 
MacDonald at al. ( ltd! lewis ot al ( if#4 # SMlii 
jraya ns# and Krishna Prasad ( t9Mh m mxm I te*0 1 
*ao efc al < t**§ U A#adana I Ifff ) ass t«# tenia* 
The 'probable explanation of higher ana age being that 
kwashiortor is a nutritional imbalance doe to low 



protein and rich aubdhfdnta dial: frequently a* a 
result of prolonged bmst feeding and mailing on 
to txaditional starony family diet* prevalent In 
tills area* 

During follow up of the marasralc group 
after starting the dietary therapy* the mean weight 
race significantly from the pretreatnent level to 
the level on 1st follow up and continued to rise 
significantly till 2nd follow up ( TaMe-5 }* Brooke 
©nd Wheeler < l <76 > recorded a more pronounced rise 
in waists# hut their follow up weights were recorded 
on ted week and 4th a&sk after dietary therapy* 

In the JcmeMoteer group# after starting 
the dietary thasspy# the sooe significantly 

§ wm ten prwtreati^sit stage to 2nd fella* up in suefti 
nespe* one of tee 5 cases of IcmsMoxfwr left against 
nodical advice after 1st follow up# therefore the 
mam weight of re maining 4 owes # as shown in tefcle-i 
appears to he Apparently lower than the initial neon 
weight of S cnees* Brooke and Wheeler ( 1976 I In 
thsir study# noted an initial fall in the weight 
m 1st follow up f Which was dun to lone of ©edma# 
then ten weight started ri singles noted on ted follow 
up after 4 wetee of dietary therapy, te our st**dr * 



it, took on an average 7 day© tine for ©edena to 
disappear and than the IwasMorknr eases started 
gaining weight* 

In the present study# in the narasmlo 
kwashiorkor .group# the weight started rising 
signifioaatly free the tine of admission to the 
1st follow up and continued till 2nd follow up* 

The .pattern of weight gain in our study was 
similar to the pattern noted lay Brook© and wheeler 
i l«ft 1 and Kunar et al ( 1983 U 

In m&msml® group# the sate of weight gain 
in our study was significantly higher than those 
in kwashiorkor and aarassdc kwashiorkor groups 

m 

t Table** >* station ( 19*1 ) and Ashworth flWJ 
hwe also reported sinilar finding in their studies 
on weight gala* Sh the kwashiorkor group# the mate 
of weight gain in ms study mm not significantly 
different iron that in the nanunlc kwashiorkor 
group* fittraj Gupt® f left 1 reported that after 
initial 10-14 days of dietary therapy* the rets of 
weight gain in both the narasaio and kwashiorkor 
group is sane i#e* l#4l. «®/day. lily Philip et al 
f 1982 i observed a difference in w»i#*t gain in 
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mraair&c children If fticotinlc add was added to the 
dot# la the Gilliam without Nicotinic add In the 
di®t# tat® of weight gain was 171.81 ^kg/moith* 
ldi @raa© in those children# in whom Nicotinic add 
was added# in the diet# tat® of weight gain wee 
231*05 grVhs/iaooth. 

l» the pressnt meaSf serum total lipid level© 
of the control, group were hi^ier than those of all 
the malnourished groups f Tahla -2 fig.l )* Sehwart® 
and OS6-Q ( 1957 h cravioto et el ( 1959 j and 
incoanald et el { 19*3 1 reported low level® of mmm 
total lipids in kmmM.exmx mm@ at the tin* of 
adsdesim # shereas ''an dot ®*r ( 1951 1 reported 
variable levels in fc w as h i o r&ar. Contrary to our 
findings hausen ( ls§8 t* iteMfetotrg f 1®*8 ) and 
tureen et el 4 1973 ) reported normal level® of total 
lipids in marasmus groups et the tiro of adaissico. 

In JswasMortor# prolonged poor nutrition 
results in reduction in the intestinal absorption of 
different fat fractions ( VMmkcL* Flora® and B«har # 

10** > which is further reload % attatiMi of diarrhea. 
Thee# children also have an abnormally high eentant 
of free ladle aside throughout the mil intestine 
and show di sorted intestinal villi with a change In 



structure fro® finger Mice to leaf and convoluted 
villi i Schneider and VlteM, j pf 2 } # Both 
®aimitriti€3n and diarrhea also produce a decrease 
In concentration of conjugated Ml# adds* which 
ax® essential for soluMUssatlon of Mjddg In the 
intesti nal lumen and their ahsorptioii thr ou jh 
formation of lipid micelles ( Schneider and vitexi# 
1974 e ). The transport of fat from the intestine 
to the liver i© not primarily altered ( ^iteri and 
Schneider^ tfr?4 ) hut the transport of fat from the 
liver to the tissues as lov density lipoprotein® Is 
warhedly rwtaeed* because of impaired production of 
the protein moiety of /9 lipoproteins. 

the fatty liver# characteristic of 
Jo^ahiorkor is perhaps due to increased fat transport 
from the edlpoaa tissues to liver ( rwula eta al#t964) 
to deem seed (3 lipoproteins synthesis f Flores et el# 
197U) and possibly due to Increased liver lipogenesis 
( Hetseoff# 1975 )* 

&mmmm and Dean f 1957 h crevloto et el# 

I 1*39 i end MacDonald C 1961 j suggested that the 
low levels of total lipids new 'dee in reduced levels 
of triglycerides, ’ cholesterol #i dsi W lfaeii M da 



lipoproteins. During the active stag® of disease 
la kwashiorkor group, sxliiim&m and Pat^ardbaa 
f 1®52 ) observed decreased activity of pla«a 
©stems®# lipase and amylases, which results in 
low levels of total lipids* 

la our study, the serum total lipid levels 
at. the tins ©f amission in marasraic group were 
found to be significantly higher than in the 
kwashiorkor group ( Table -2 ). This observation was 
consistent *h® finding repearted toy Schwarts and 
Bean ( 1957 ^# Cwloto et al ( Its* nwiDonald et al 
( 191*3 i$ Hansen ( lttd J# ^saeOcberg ( its# ^ and 
tturscn et al ( 1973 j* durson et al ( 1*73 } suggest m 
that similar to mechardsms controlling proteins and 

carbohydrate homeoatasis# the marasmic infants 
FWtoahly CHtintain * telaneed seem® for lipids as a 
result of which the plasma levels of to tal lipids 
remain within normal limits* 

rerun total lipid levels in the waraaa&o 
kwashiorkor group were found to to* * a* expected# In 
between . the «*r*«lc and fwastiiorSior levels# 3n 
war study these lewis were sipjifieantly dlffsre^t 
from Mi control and tnamsmid levels# hot ewe in* 
significant, when compared to the kwashiorkor group 
# fsH««d MLg-4)» this mammmta Jcwashiorkoj r group 


£om® a mjw: group of the aaliiouxlshed population 
in this region, serura total lipid levels lo 
group Have not been described separately by other 

workers. mixmtxiUm cases with oadam have been 
either described as KmahioxXox ( «ttiiians*1933 t 
Davies. l»4p ? vm Der Sir.iestf Doan and Schs&rta „ 
i?m f mmmnm and mm 1*57 t etc. ) or Nutritional 
oodeste ejndroes f Gopalan and Patvnrdhan# IPS! i 
venJcatachalaa. Sri KantI* and Gopalan, ie$4 ). 

Xn the warat?a;n£i group, the coruiu total 
lipid level » showed a clguificunt rise mi 1st follow 
up and then there wan m insignificant fall m and 
follow up as ocupamd to the 1st. Hmum t l«*tp > 
WonoWberg ( ism J and Guram at «1 ( ws > have 
reported no significant change in the follow up 
levels in aagaswii® group. It is to be recalled that 
pmtxmmmt total lipid values ware also not different 
iron the controls. Gurscn etal { 1073 ) have 
reported low levels of phospholipids at adetsaion 
m ocnpared to controls# in follow up they found 
further decrease in the phospholipifle. Pedantic® of 
this fraction of total lipids nay be cause of reduced 
total lipid levels in our study. 
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lu the present study la tit® kwashiorkor $ the 
serum total lipid level at the time of admission mas 
significantly low as compared to centred s#wMch rose * 
significantly oa the loth day of therm py -and then fell 
insignificantly on 2bth day # but the level still 
remained significantly higher than the level at 
admission time* our observation was consistent with 
the ototeerva titans made by Schwartz and Dean ( 1957 1# 
Cravioto @fc al ( l#5® 1 and *ftoDonald et al < l#el )* 
Schwarts and Bean ( 1057 j explained the rise in 
total lipid levels after dietary therapy to be due to 
sudden increase in neutral fat and eetmlfled cholesterol 
levels which was to some extant brought by the diet 
provided# but mainly it was due to the release of 
preformed fat and cholesterol from the stores. The 
fall in the level of total lipids that succeeded the 
initial sis® presumably represented utilisation of 
fat in a normal manner. Craviot© et al ( l«5b ) 
compared the changes occurring in the lipids during 
recovery from kwashiorkor to those of the new bom 
babies# and found a striking roes «ohl-u*ce. They 
further observed that these changes busing independant 
of the amount and the kind of bit diet consumed and 
also of the age and sex of the patients. MacDonald 
«tal { 191! 1 suggested that the Increase in the 
total lipid levels was 4m to the increase in 



cholesterol, glycerides and phospholipids# and tits 
fell in the total lipid levels after Iv days therapy 
was almost entirely du@ to the sharp fall in 
glyceride fraction# 

In the ®sr»s»ai© kwashiorkor group# la tits 
present study# tits total lipids rose si jgiifioantly 
from tits initial level to reach to the control level 
on ldtn day and then shooed a fall though insignificant 
i*he observed values ear® in between the marasmus and 
Itwahhiortor group values. 

In the present study serum cholesterol levels 

in all the malnourished groups were lower than -the 
control greup# our finding me consistent with the 
observations made by mr Ear ( 1551 )# Bean and 
schwartss C If S3 i f orkers fro© nutrition Research 
lab# Coonoor south India ( lf54 ) Raimathan ( 1*55 j # 
Schwarts and Dean ( 1557 h Cravioto «t«l { lfSf h 
Echendal and Hanses ( Ifbl )# ibwoonald et al ( If 63 ># 
Lewis et al ( 1964 } Jaya Rao and Krishna brasad f 1566)# 
Taylor (1*71 ) # Bebnath ( 1572 } and A#j@d ana ( lfT* ) 
in kwashiorkor cases# Our finding mm similar to 
the findings noted by Truswell and asnssn ( lftf i and 
Debnath 4 1572 ) in marasmus cases# The various 
eaplanaticas suggested for the decreased cholesterol 
levels in kwashiorkor are decreased 



esterase# llpa&e and pancreatic amylase In the 
children In active stage of kwashiorkor (BxHuimmn 
and Patvartfian 1952 )# accumulation of fat and 
cholesterol in liver and other a tore# in the 
tissues f Dean and Schwarts# 1953 Nutrition Research 
pricers* Coonoor# 1954, Parana than# 1455# Schwarts 
and r»t* t°57# sehsndftl and mxmm, 19*1 y, defective 
transport of fat from liver to t issues due to lack 
of appropriate protein acceptors ( bekoath# 1472 ). 

Trusvittll and Hansen attributed decreased 
levels of plasma lipoproteins to be the cause of low 
level of cholesterol in marasmus* hebnath t 1472 t 
suggested that poor nutrition results in reduced 
amount of body fat# reduced endogenous fat metabolism 
leading to hypocholesterolaaiaia. /vgbeduna { 1474 > 
suggested a Elective mobilisation of liver lipids 
to be a cause of decreased cholesterol levels in 

plasma and thought that decreased hepatic lipoprotein 
lipase may be responsible for it# bewis et al ( 19*4 ) 
and Gurson et al ( 1973 ) found normal level® of 
serum cholesterol in the roarasmic group* Gurson 
et al ( 1973 ) suggested that marasmic cases probably 

maintain a balanced source for lipids as a result 

of which tb* plasma level® of cholesterol remain 
within normal limit. 


Th® @®rm cholesterol levels at admission 
In naraeraic group were found to be significantly 
higher than in the kwashiorkor and mrasmic kwashiorkor 
groups* in our study# our finding was similar to the 
f i n di ng * reported by van Der sar ( 1951 j# Dean and 
Schwarts ( 195$ ># Workers from wutrltiao Research 
lab# Coonoor C 1954 J# Ramnathan ( 1955 > etc* 

The serum cholesterol level in the kwashiorJcqr 

group and mar&snio kw&shloxfeer group were insignificantly 
different* The serum cholesterol level in the uarasmie 
group was sl^llioaatly lower than the level in control 
group ( Tabled# Fig.2 h similar observation was 
made by Debnath C 1972 )* After 10 days of dietary 
therapy the levels increased and cane to the control 
level® and then persisted at this level even on 
20ldi day of therapy# The pattern of changes in 
cholesterol levels In mmmlo group, observed in 
our study# ms consistent with the pattern observed 
by Debnath t $972 1# lewis etal ( 19o4 J and f ' 

Gurectt etal ( 197$ 1 on the other hand# noted no 
si gh ! changes in the serum cholesterol levels 

before or after therapy* . 

In the kwashiorkor group # the seme 
cholesterol level# before starting the dietary therapy 
ms significantly low as compered to the level in 
control group* our finding was similar to the findings 
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jietad by all the previous workers* After Initiating 
IH« (dietary therapy* the cholesterol level® increased 
significantly on 10th day and crossed the control 
levels and remained so till our 2nd follow up. 
similar observations have boon noted by Dean and 
fschwarta ( 1951 i # Nutrition Research lab, Cocmoor 
f 1954 } # Schwarts and Dean f 195? )«sehendel and 
Hansen ( 1«41 )* MacDonald ®t al I 1«43 )* bests ct al 
( 1944 ), Jaya Rao and Krishna Prasad C 1999 j, 

Debnath ( 1®?2 ) and Agbedana ( 1979 ). 

sohandsl and Mansca f 1941 ) reported that 
the rise in cholesterol level appeared to be nacdisal 
during the first two weak* of adsqtwt# dietary 
trcatieaat and they suggested that the serin concentration 
od! cholesterol reflect the rate at which liver fat 
is cleared fro® stores during recovery, They further 

observed that an arrested rise or fall was associated 
with the onset of explications, or Insdsigwfee therapy. 
Contrary to the emanation given by senwarts and 
Bean < 195? )# Jaya Rao and Krishna Prasad ( 1944 ) 
attributed the rise in cholesterol level solely to 
the caloric in tab®, Bebnath ( 1972 J suggested that 

the protein in the diet 'helped in the discharging 
lipids mm the liver in the form of lipoproteins. 

Schwarts and bean ( 195? ) fhcmmald eg si 
( 1«#3 ) # isrwis et al I 1994 )* Jaya fa® and Kfisbh* 



Prasad ( WW ) and oshnath ( 1*7? ) reported a return 
of smxw oaoleoterol iwdi to the control level 
on 2wth day of ti»srapy # wiser®**® similar to our 
finding® , Rewnethan < 1955 > nchendel and Hanson 
( 19#1 ) 0 Taylor < 1971 i, noted persistently 
high er labels even on 2uth day of therapy# thus 
shotting a delayed fall in the cholesterol levels. 

in the suarasalc kwasMorkor group the serum 
cholesterol level ms significantly lower than the 
control group level in -the ppetreataaent phase and 
it was not signi ficaatly cd.fi© rent from the level in 
kwasiilarhcr group. On 1st fellow up the cholesterol 
level nose significantly to a level higher than the 
control level and them on 2nd follow up the level 
fell and came to the control group level-* 

Us the present study * ssrun free fatty 
acid levels in the Kwashiorkor and Eurua&ic kwashiorkor 
groups were found to be sigaifioautly higher then in 
the control group. 'She free fatty acid levels in the 
mr&swle group were inaignifioantly different ten 
the control levels* Hi^ier levels of serum free fatty 
acids in kwashiorkor group before starting the therapy# 
have been noted by heui® «t«l ( 19*4# let# > daya Pan 
and Krishna Prasad f 19#* I Hadden t ,( 1$ 57) > Agbedana 
I 1979 > * Hadden f IW )« finarson and saner f t**9 > 
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Gurscn et al < 1*73 ) and ;\gbed#na ( W!» } reported 
aoanal of mrm free fatty adds in marasmic 

group* Lewis et »1 f 1®M # to ) reported higher 
levels of ft®® fatty aoide i» serum In miraamio 
children and suggested that the rate of release of 
free fatty aoide from adipose tissue is reciprocally 
related to the extent of eaidxshydrate utdllssticn* 
Glucose adminletration mprmsm the free fatty acid 
piXKiuctioa and plasma frees fatty acid levels# whereas 
prolonged starvation is associated with elevated plasma 
levels. 

They further suggested that In kuacdorkor 

calorie deficiency is responsible for the rise in 

free fatty acid levels. They divided the course of 

■* 

kwashiorkor into two Chronic phase characterised 

toy lew protein# relatively adequate carbohydrate diet# 
advancing protein depletion and reasonable caloric 
balance and a later acute phase in which seduced intake 
and malabsorption produced a state of general under 
nutrition, m acute stage there is little fat synthesis 
from carbohydrate which is otherwise seen at adipose 
organs In early pi»»se. Lewis ©t al ( 1S*4 ) concluded 
that increased flux of fatty acids free adipose tissue 
to tbs liver was responeikle for the elevated plasma 
free fatty acid levels. Jaya ftao and Krishna Prasad 

suggested that the higa circulating levels or non* 
ester! tied fatty add® could toe due to hepatic damage 





eaualag defective upta to* of nones ©ori tied fatty acids 
<Mf that none® teri fled fatty acid levels represented 
m alternate source of energy to tissues. 

Hadden ( 1§07 > suggested a toloelc at the 
jptsiat of entry of abort chain of fatty acyl ooanzyra© 

A into til® Kreb cycle aad temporary Aajpmlxmmt of 
carbohydrate tolerance as responsible for the hl#i 
levels of free fatty acids, Ag toedana { 1 77® j proposed 

the aauss for high levels of fro® fatty acid® In 
Sanaa to toe due to effect of growth harmone and 

insulin in kmshiorJsor. 

fterufa free fatty acid levels in marasctla 
group were found to toe tdgnifleniitiy lower than in 
til® ipmshiorJcor and naraetnic Irosliiortsor group, our 
Ofaservatim was similar to tm findings reported by 
Hadden ( ISW J and Agfeedana f 19V9 )* It could to® 
toecaus® the children of Jowashiotiaor and roaraseiic 
kms&iiotkoT gem® face ®or® stressful situation than 
©are sinus and probably because of the sam reason « the 
free fatty acid levels in kwasMorkor group were 
significantly higher than in the mrasnt© Icuashiortwr 
group* 

In the present study til® serai free fatty acid 
level at the tine of admission in usarasadc group was 
not significantly different from the control level 



< iaM#*4»ntg*9 im ftf ter starting the dietary 
therapy # m 1.9th day and an 20th day the level* 
retain unchanged# h siroilar pattern was observed 
lay Haddatt ( 1W )* tmrmcn and saner ( IPbP 
uurson et al ( lt?3 i* As in kwaiuiiorknr* high 
levels at tree tatty acids were reported in ruarasmjus 
before starting dietary therapy# by bewia at al 
wtiich caiae down drastically ©o 1st follow up and 
then ro^c to the control level ess 2nd follow up. 

In the kwashiorkor group# the free fatty 
acid levels in serua were significantly irLgb®r than 

the oontrol gsnup Wlileh after instituting the dietary 

therapy t fall ci^sifinantly to a laval lower than the 

centred on 1st follow up and then rose f w alg n f. flqantly 
on further follow up. similar observation m® noted 

by bawds «t al f t®64 }# Jays ftao and "Krishna Prasad 

( lt§* ) and Hadden ( IWf U bed® at al f 1004 } 
PsopcMied that the calorie walaly i» the £om of 

oaxbchydrate provided In 'the kwashiorkor oases was 
responsible for the sudden fall in ires fatty add 
levels* kite* 2 m days therapy the levels were 
i mi fp* fbwftfciy different Sxan the control levels* 
jraya ftao and Kriebm* Sbwead ( 1#** 1 suggested that 
aft®r starting the therapy the defective uptake of 
free fatty acids by the liver sight have corrected* 
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mm result! ng la sudd* i Mil la acee#tari£ied fatty 
eaid level®. 

In th® marasiaic kwashiorkor group before 
starting the dietary therapy# la our study the free £a«y 
add level# were eignifleaatly hitter than the control 
group level# and were la between the mira»nic end 
kwashiorkor group levels. After 14 ) days of dietary 
therapy tlx* levels fell sigaifioaatly aid then ©bowed 
an insignificant rise tc eewe to the control level#, 
tho patten* vat# similar to the pattern observed la 
to^tsUilorJcor case#. 

Xa our study, serum albumin level# la the 
control group were found to be significantly higher 
than those la a 11 tit® woliicurished group® ( faMe-t, 

Fig* 4 Ji Our finding was cntutistmit with the finding® 
of im&m et *1 ( 19*4 ^ aaa uetaath ( l«72 )* la 
kwashiorkor group * Raffia * th an ( 195S i and MutDoMld 
et *1 ( 194*3 j hmm reported low serum albumin level#' 
lit the pratroettaeat pbae®* Ctussoo «t al ( IfTl 1 have 
noted lot# level® of #en» albwaia in mwmtiM g * wj®»* 

Hy poil bu#*&na®*nia has tear* ntttllwtnd m a 
basic chant® la kwashiorkor* Cohen and Haaeend!**®} 
suggested that the total athwnta peel in demeaned# 

the intravascular oo®part#«®at being less affected 
t han tl** ®xtrav«j scalar, me change# la albu m i n concent— 



ration w@ro supposed to be the ©te»e«|U«noe of 
dtereaeod rate of synthesis# which occur© before the 
rate of catabolism boa* race reduced* Janes and Hay 
( ) reported that in Jwashiojduwr tha alburdn 

turnover le lower than normal and the Half Ilf© 
if. pcolonfed. The ether Important smsos of low 
albumin levels in kwashiorkor are-tn« protsdn 

turnover rate in muscles Is low# synthesis rat® I® 
decreased while that of catabolism is .low write 
earU'hyflrate Intake is enough to supprees gluecnoo** 
genesis and normal if energy deficiency Is there 

f Pelfg et *1 # Waterlow# 1*75 > and the low 

levels of plasms amino acids* 

In our study toe serum albumin, levels In 
pretrestment efcagt o£ rarasadc group* was found to 
be significantly higher than the level© in kwashiorkor 

and raarassdc kmshiorkor group { Fig* 4 )• Our 
finding was similar to the finding noted by Lewis 
et al ( > and T>«fcnafch ( 1®7? h s«xm albumin 

levels though higher in asxesadUi kwoshiorkor group# 
war® not statistically different than the levels in 
ineMbMleiMr group. 

1b g ja s present stilly tbs serum albumin levels 
in marmamio group* after starting H* therapy# rare 
nigniftloaiitly t® reach the control levels en 1st 

follow up and then eohtinuad to rise# wn§*> Paired 



ctudlr d the alhunin 1 aval a miore starting th@ 
therapy mid alter eorapletliig therapy I 21 to 3? 

days ). 

In our study in tite Jewasiiiar'kor group# ttw# 



hm&K m a* t 1964 ) end rv&nath f l**7t j. 

**» the mmmmn&Q kmsht&rH&r gaaap in our 
turner* the a«fw al burin levels rose progressively 
md aJLfmiitmmtiy from the pvatrvsauuent level to the 
central level in 2w deyr after starting too dietary 
therapy* The rising pattern An tills group ms 
similar to t he pattern in JwasMorlcor group* 
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M awOnourialied infanta and children with 
varying degrees of aal nutrition and 10 control, 
children w@r© studied for th© lipid profile C smx%m 
total lipids# Sam m total cholesterol and Serna fro© 
fatty acid levels ) at th© savor© stag© and during 
recovery phase after starting th© dietary therapy. 
Children were classified Into 4 group© aeoordlng to 
Indian ^idamy of Paediatrics Class! fioaticn of 
ffelantrltlm ( 1973 U Children suffering from 
Primary liver disorders or diseases like Diabetes 
mellitus, Pxljs&ry hypertension# %xaedaaa# nsnel 
disorders and mlaria etc*# affecting the total lipids 
or its fractions sere not included in the oantrel 
as sell as th© study group, sen® total lipids § 

Total Cholesterol awl Free fatty add levels were 
investigated in the nalhourlshed children# «n the 
day of admission# 10th day and then on 20th day of 
starting dietary therapy. 



smnm Total lipid levels were estimated 
by Phosiiusvani 1 1 in® method ( span Diagnostic Kit# 

Art* Wo* #2® )* serum Total cholesterol levels by 
Henley's method ( 195? > and Sana Free fatty acid 
levels by nil 11am Slovak's technique ( 1965 U 

ta the present study# the moan age of 
marasmus group# mrasmic kwashiorkor group and 
kmsMorkor group ms 23.1# # 23.au and 31.00 
months respectively . The mean weights in the above 
group* were 5.4© # 5.65 and 8*70 kg respectively. 

All m al no u ri shed children showed a significant rise 
in their weights throughout the period of amity and 
their rate of weight gain was 14*41 #6*66 and 
5.57 gu/Ug/day in marasmus# kwashioxkor and marasmic 
kwashiorkor respectively* 

serum total lipid levels in all tiie 
malnourished groups ( 591**2 # 420,45 and 401*90 

mg/dl in marasmic# manasmie kmshioxScor and kwashiorkor 
groups respectively ) were significantly lower 
than the levels in the control group i*«* 666.12 a®/dl # 
mtslng Mtn* up # in the marasmus group# the 

lipid levels showsd a significant rise on let 
follow wp#as levels came to 4*0*99. sq/dl # and then 



the** mm m iiwlgplficaat fall on tod £oilo» up. 

Us kwashiorkor group* total lipid 1 ovals rose 
si#il£tcanfcly on lfcto day of therapy and come to 
oesstxol level on 2uth day. to the aanot a kwashiorkor 
group too levels rose significantly and cane to the 
control level on loth day. 

to the proseat study# serum total ancle* tore! 
levels In marasmus# maraswic kwesshioikor and kwashiorkor 
group® ware # 118*418 and 104.81 mg/m respectively 

ehlcdi were significantly lower than that In the control 
group value I 168.25 m^dl )• toe total Cholesterol 
level to the marasmus group was significantly higher 
than to the Jcwashier and maxassdc kwashiorkor groups* 
After starting toe dietary therapy* serum cholesterol 
levels to the mmmda group cane to tot control level 
m Idth day. to the kwashiorkor group# the level rose 
■< «#ii ftflanti . dq tyth day and crossed e watmi levels 
and remained so till tod follow up # whereas to toe 
marasde kwasdcs&or group * toe levels came to the 
control level on tod fellow up. 

serum free fatty add levels to the kwashiorkor 
and marasmlc kwashiorkor groups were 0.992 and 0.974 
mEq/l respectively * which were significantly higher 
^ t l i#» control and marasdc group level* cf **.49§ and 
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0»50§ rasq/l respectively * In the laaracraic group, 
after starting the dietary therapy no signifi can t 
' ohangasin the free fatty acid level® were found. 
Kwashiorkor and marasraic kwashiorkor children 
flowed a significant fall in the free fatty add 
levels on 10th and on 2uth day. 

Eerua albumin levels in all the malnourished 
groups { 3*29 0 2*23 and 2*16 .gs/dH in mxasfinis # 
marasmlc kwashiorkor and kwashiorkor groups respectively ) . 
were significantly lower than those in the 
group ( 4.06 gm^dl >. serum albumin levels in pre- 
treatment Btag@Jm&mmda group were found to fee 
significantly higher than the level® in kwashiorkor 
and marasmic kwashiorkor grow* serum albumin levels 
in marasmic Children rose significantly to reach the 
control level on 1st follow up#a£ter starting the 
dietary therapy* By 2uth day the serum albumin levels 
came to the control levels in kwashiorkor and mare sale 
kwashiorkor children. 



«• Xn this Buadelkhand region# marasmic kwashiorkor 

fo rms a major 

- Weight of the child alone is not a good index of 
assessing the severity of malnutrition. 



mthropcgmtxy, clinical presentation and 
Biochemical changes lows the ideal combination 
for assessing the severity of malnutrition. 

reashiorkor is the severest fossa of malnutrition # 
as lipid profile is maximally disturbed. 

After proper dietary treatment# though the abnormal 
lipid profile of malnourished children improve 
by 2Uth day# these children still remain grossly 

underweight and retarded in growth and development. 

Marasmus is the compensated form of malnutrition # 
tSsere lipid profile is mtoiaally disturbed. 

W&fc rt Vfriiga mni #%s»ieeiay 4 a m ft «r A fifi 

Ja ¥psS mi- mm m isjp <& «iAJlSP0| 

pattern of changes in the lipid profile. tout pattern 
Is mere dose to the kwashiorkor group at the 
severe stage as sell as during the recovery stage. 

Regression of Mostiemieal changes to normal is 
the first indication of recovery free malnutrition 
state. 
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